Abstract.Urban sprawl is recognized to have strong negative impacts on
Introduction
Urban sprawl describes the physical expansion of low density urban areas into forest and agricultural environments 1 . This phenomenon is one of the most important causes of land use change across the world 2 . Presently, more than a quarter of the European Union's territory is directly affected by urban expansion, and it is estimated that by 2020 approximately 80% of the European population will live in urban environments. This land use change has strong implications on resources demand and conflicts that are shifting the landscapes dramatically around the cities. In Europe, it is regarded as one of the major problems of the urban areas development 3 .
. Public perception and opinion are key aspects to influence policy making 6 . In European Union countries, there is an increasing concern about the impacts of environmental damage in social and economic aspects. To Europeans, environment protection is highly important. According to European Commission 7 , when people talk about the environment, the greatest part of persons associates it with pollution in towns and cities. Urban sprawl is one of the main causes of pollution in urban areas. Despite the importance of the problem, little research has been carried out in Europe about public perception impacts of urban sprawl in environmental, social and economic aspects.
Historically, cities in Eastern Europe have been compacted. During the communist time, compact cities and high densities reflected the strong centralized regime and dependence on public transports. With the political change, these cities were exposed to the same risk of urban sprawl as the western cities. In the recent years, the expansion outwards have been remarkable. In the last 20 years, the build-up areas have increased by 20%, and the population has increased only by 6% 8 . After the collapse of the Soviet Union, the suburbanization rate in eastern cities was higher than in the western urban areas. This boom was a product of internal and external influences, as the increase of urban decentralization in the world, capital globalization, neoliberal ideology and western lifestyles. Urban planning authorities did not understand the social, economic and environmental implications of sprawl and failed to respond properly to the challenges raised by the process of suburbanization 9 . Nuissi and Rink 10 observed that in Eastern Germany, urban sprawl was a product of change in legislation and political environment. In Baltic States, urban sprawl is observed as an important problem, and it is linked to a lack of planning and commercial private interests. This phenomenon started in the second decade after the independence, where agricultural areas were massively converted in residential plots 11 . In Lithuania, previous research show that the major cities, Vilnius, Klaipėda, Kaunas, Šiauliai, Panevėžys and Alytus, were subject to an intense process of suburbanization, due the high number of licences to build residences and buildings by the municipalities 12 . In Vilnius, the urban sprawl has been observed recently and is related to the expansion of urban areas into the rural surroundings. After the soviet regimen collapse and the free market economy emergence, Vilnius sprawled very fast and without control. From 1990 until 2001, the administrative territory of Vilnius grew by 30%. Since 1990 (the restoration of independence) until 2012, the population of Vilnius decreased by 7% and increased in the suburban area by 14% 13 . Figure 1a shows the urban sprawl around Vilnius since 2005. Despite the recognition of urban sprawl impacts in Vilnius city, little is known about the population's perception about the environmental, social and economic implications of it. The aim of this paper is to understand people's views about the impacts of Vilnius urban sprawl.
Materials and methods
Vilnius is the capital of Lithuania and it is located in the north-eastern Europe at 54°38 'N and 25°19'E (Figure 1b This survey was conducted among the Vilnius population from diverse social and economic conditions. In this preliminary assessment, the authors of this paper interviewed a total of 101 Vilnius inhabitants. A close-ended questionnaire was carried out. In the first two questions (1a and 1b) (Table 1) , the interviewed were asked to answer "Yes" or "No", while in the remaining questions they were asked to rate the question, according to their relevance, using a Lickert scale: 1=very low; 2=low; 3=medium; 4=high; 5= very high. In each component analysed, environmental, socio-economic and stakeholders, an index was calculated. The environmental index (Env_Index) corresponds to the sum of the score attributed by the respondents to the questions 2a to 2p, socio-economic (SE_Index) -3a to 3f, and stakeholders (STK_index) -4a to 4e. These indexes were calculated to observe the respondent awareness in relation to each sustainable development component and policy needed. The questionnaire was based on a previous survey carried out by the European Union about urban sprawl 15 (Table 1) . The data was analyzed according to the age and profession of the respondents.
Previous to statistical comparison of the data, the normal distribution and heteroscedacity were assessed with the Kolmogorov-Smirnov test and the Levene test, respectively. Data distribution was considered normal at p<0.05. The data did not follow the normality and the heteroscedacity, thus, a neperian logarithm (ln) transformation was applied to the data in order to accomplish such requirements. With the transformed data, a one-way ANOVA test was carried out in order to identify differences among age and profession. Significant differences were considered at p<0.05. If significant differences were identified, a Tukey HSD posthoc test was applied in order to observe differences within groups. Pearson coefficient 15 Urban sprawl in Europe -The ignored challenge [interactive] . [accessed on 2013-11-01] . http:// www.eea.europa.eu/publications/eea_report_2006_10 of correlation was computed to identify correlations among the calculated indexes. Significant correlations were considered at p<0.05. To identify the degree of correlation among the questions, cluster analysis was carried out, according to the complete linkage amalgamation rule and the distance measure of 1-Pearson r.
Results

Urban sprawl awareness
The percentage of the interviewed age was as follows: 18-24 -41%; 25-35 -23%; 36-50 -19%; and >50 -18% . In relation to the profession, 27% of the respondents were from government (GOV), 41% from private sector (PS), 6% from nongovernmental organizations (NGO), 7% from municipality (SAV) and 20% were unemployed (UN). Among the respondents, the younger (18-24) were the ones that recognized more that the urban sprawl is a threat in Vilnius (88%), while the older (>50) respondents gave less importance to the problem (61%). All municipality and NGO workers considered urban sprawl a threat to Vilnius, whereas only 70% of government workers assumed it to be a problem (Figure 2a ). The interviewed aged between 35-50 years answered that there was no national measures to limit the urban sprawl, while the older respondents (67%) thought that there was no need of additional measures. The majority of the government and municipality members thought that there was a lack of measures to reduce the urban sprawl, 85% and 86%, respectively. Only 66% of NGO workers thought that there was a lack of measures to limit the urban expansion (Figure 2b ). The majority of the interviewed thought that urban sprawl has a medium impact (29%) in land and soil consumption. However, the respondents considered contribution to a high and very high consumption of concrete and other building materials, and it is a threat to protected areas. The great part of the respondents thought that urban sprawl has a medium impact (47%) in the extraction of gravel from river beds or ridges, and assumed that it has a high impact (36%) in the loss of soil permeability (Figure 3a) . According to the majority of the interviewed, the urban expansion has a high impact in the energy consumption, CO 2 emissions and water consumption (Figure 3b ). The great part also argued that the urban expansion has a medium impact in the loss of natural habitats and the best agricultural land, and a high impact on the use of fertilizers in less productive areas and in the noise increase in rural areas (Figure 3c ). The majority of the respondents believed that urban sprawl increases the levels of air pollution, noise and traffic congestion and defended that it has a medium impact in the vulnerability to geo-hazards ( Figure 3c ).
According to the age of the interviewed, significant differences in the question 2m (increase in air pollution) were identified. The younger respondents thought that it has a higher impact than the older ones did (Table 1) . In relation to the professions of the interviewed, significant differences in the question 2c (expansion of quarries near to natural reserves), 3n (high noise level) and 2o (traffic congestion) were observed. Government employees assumed that urban sprawl represents a higher threat to natural areas, high noise level and traffic congestion than the unemployed ones did. On average, the respondents rated high the questions 2m (increase in air pollution) and 2o (traffic congestion), with a score of 4.13 and 4.14, respectively, and they rated less the question 2a (consumption of land and soil) and 2d (over extraction of gravel from river beds or ridges) with a score of 2.88 and 2.61, respectively.
Urban sprawl socio-economic impacts
The majority of the respondents answered that urban sprawl induces a medium impact in exacerbation of social and economic division and a high impact on segregation of residential areas and less social interaction (Figure 4a ). They also assumed that urban expansion has high impacts in the increased household expenditure on commuting from home to work over longer and longer distances, cost of the congestion for business in sprawled urban areas with inefficient transportation systems, suboptimal use of abandoned industrial areas and no savings in the provision of water and sewage facilities (Figure 4b ).
Significant differences among age classes in the questions 3a (exacerbation of social and economic division), 3b (segregation of residential areas) and 3g (no savings in the provision of water and sewage facilities) were identified. Older respondents rated significantly high the impact of urban sprawl in the latter three questions than the younger ones did. Significant differences were observed among professions in the question 3b (segregation of residential areas). Government, NGO, private sector and municipal workers rated significantly high the question 3b than the unemployed ones did (Table 3 ). In relation to economic questions, significant differences among age classes in the question 3d (increased household expenditure on commuting from home to work over longer and longer distances) were observed. Younger respondents rated significantly high this question than the older ones did. Also, significant differences were identified in SE-Index. Government, NGO, private sector and municipal workers rated significantly high the socio-environmental questions than the unemployed respondents did (Table 3 ). On average, the interviewed rated higher the question 3f (suboptimal use of abandoned industrial areas), with a score of 3.77, and less the question 3a (exacerbation of social and economic division), with a score of 3.18 (Table 3) . Table 2 . Urban sprawl environmental impacts according to the age and profession of the participants on a) Consumption of land and soil, b) Consumption of concrete and other building materials, c) Expansion of quarries near to natural reserves, d) Over extraction of gravel from river beds or ridges, e) Loss of soil permeability, f) Growing consumption of energy, g) Growth in CO 2 emissions, h) Growing consumption of water, i) Loss of natural habitats, j) Loss of best agricultural land, k) Increase in the use of water and fertiliser in less productive areas, l) More noise in rural areas, m) Increase in air pollution, n) High noise level, o) Traffic congestion, p) Vulnerability of suburbs to minor geo-hazards, and Environmental Index (Env_Index). Significant differences were considered at p<0.05. Government (GOV), private sector (PS), nongovernmental organization (NGO), municipality (SAV) and the unemployed (UN). Local stakeholders responses to urban sprawl
Question
The majority of the respondents answered that the questions raised had very high priority ( Figure 5 ). According to the age classes, significant differences were identified in the questions 4a (development of long term integrated plans promoting sustainable development and the limitation of urban sprawl) and 4b (policies for the re-use of derelict brownfield sites and renovation of public spaces to assist in the creation of more compact urban forms). Older respondents rated significantly higher these questions than the younger ones did. No significant differences were identified among profession in any of the questions (Table 4) . On average, the respondents rated higher the questions 4c (policies for avoiding the use of greenfield sites and complementary urban containment policies) and 4e (management of the urbanrural interactions via cooperation and coordination between urban authorities and rural and regional authorities in promoting sustainable development), with a score of 4.15, and less the question 4a (development of long term integrated plans promoting sustainable development and the limitation of urban sprawl), with a score of 4.05. a b Relation among variables
The correlation between Env-Index and SE-Index was 0.68, p<0.001, between Env-Index and STK-Index was 0.21, p<0.05, and between SE-Index and STK-Index was 0.35, p<0.001. The cluster analysis identified 4 different groups. The cut line was applied at the 0.91 linkage distance, because this was the distance at this the majority of the variables were clustered. The first group was composed of the questions 4d, 4c, 4b, 4e and 4a, the second group consisted of the questions 3a, 3b, 3g, 3f, 3c, 2p, 2l and 2p, the third group was composed of the questions 2l, 2k, 2d, 2e and 2c, and the fourth group included the questions 3d, 2j, 2i, 2m, 2h, 2g, 2o, 3e, 2n, 2f, 2b and 2a ( Figure 5 ).
Discussion
Urban sprawl awareness Urban sprawl, as it was assumed by the respondents, is an important problem in Vilnius and people claimed to take more measures to reduce it. The perception of urban sprawl is higher among young respondents and workers in NGO and municipalities, while the perception about the lack of regulation is higher in the group of 36-50 year olds and among government and municipal workers. These results suggest that the young generation is more aware about the urban sprawl problem in Vilnius and the older is demanding for more regulations. Among professions, municipal workers seem to have a higher perception of urban sprawl than the others, since they might be more in contact with the problem. Previous studies in Europe defined clearly that urban sprawl is a priority in police agenda, and it affects importantly many European cities 17 . In Vilnius, urban sprawl is assumed to be a problem, which has increased very fast in the recent years 
Urban sprawl effects in the environment
The majority of the respondents assume that urban sprawl has medium impacts in land and soil consumption, the extraction of gravel from river beds or ridges, loss of natural habitats and the best agricultural land and vulnerability to geo-hazards. In the remaining questions, consumption of concrete and other building materials, threat to protected areas, energy consumption, CO 2 emissions and consumption of water, use of fertilizers in less productive areas and noise increase in rural areas, traffic and air pollution were mostly rated as having a high impact. This evaluation shows that the respondents value more aspects related with the consumption, pollution and nature protection rather than soil degradation and nature resources depletion. The primary impact and the most relevant of the urban sprawl is the consumption of land, soil and non-renewable resources and change of agricultural use to urban use. These changes are permanent and can only be reversible after a high investment . However, specific spatial patterns are observed in Lithuanian territory. In the western part, there is a positive trend of the maximum discharges, while in the middle and the south-eastern parts there is a decrease 28 . In Vilnius region, there is a reduction in the snow melting floods and this may influence public perception. River flood projections show that river runoff is expected to decrease in the future 29 . 39 was observed, which may be also attributed to urban expansion. It is well known that wastewater discharge reduces the water quality and quantity. The substitution of a forest cover reduces the infiltration and increases the runoff. Due to urban activities, the deposition of pollutants is high. This makes it easy to transport by runoff after storms and transport to underground and surface water bodies 40 . Urban sprawl increases the traffic and air pollution and, as a consequence, the CO 2 levels in the atmosphere 41 . The increase of the number of private cars and the daily traffic jams in urban and suburban areas are the main causes of pollution and CO 2 increase . In Vilnius, traffic jams are a recognized problem attributed to daily travels from the suburbs to the city center 44 , with important implications in street noise 45 . Overall, the respondents seem to be more concerned with aspects related to landscape aesthetics (e.g., impact in protected areas), economy (e.g., energy and water consumption) and impacts on human health (air and noise pollution) rather than land consumption aspects. Table 4 . a) Urban sprawl local stakeholders responses and stakeholders index (STK_Index), b) according to the age and profession of the participants. Significant differences were considered at p<0.05. Government (GOV), private sector (PS), nongovernmental organization (NGO), municipality (SAV) and the unemployed (UN). Previous studies showed that urban sprawl has important implications on human health. For example, in sprawled cities, people have tendency to be more obese. This is attributed to the lifestyles of residents in sprawled cities, including spending more time in front of TV, less exercising, walking and riding bicycle, driving car for short distance dislocations and the time spent in the cars 46 . Urban expansion increases the risk of motor vehicles crash, pedestrian injuries, stress and nervous disruption, and diseases related with air pollution, such as respiratory and cardiovascular problems, pregnancies risk, allergies and asthma
47
. The younger and government employers were more concerned with the increase of air pollution. Also, the latter group was more worried with aspects related with impacts on protected areas and traffic problems. This suggests that there is a generational change regarding the problem of air pollution. The work position seems to raise awareness in some important environmental impacts of urban sprawl. The higher ratings obtained in air pollution and traffic congestions shown that the respondents were concerned about the daily impacts of urban sprawl rather than long-term impacts which are not perceptible, long-term and irreversible impacts, such as soil consumption and nature resources depletion. 46 Frumkin Urban sprawl socio-economic impacts
The respondents had a great concern about the aspects related to urban sprawl effects, including all the economical questions, such as household expenditure, travelling long distances, the cost of the congestion, the inefficient transport systems, the expenses in water and sewage facilities and the lack of use of abandoned industrial areas. Low density urbanization reduces the contact among people creating "ghettos" based on social, cultural and economic status 48 . In Vilnius, the urban sprawl is creating tensions between Polish and Lithuanian communities. Lithuanians are suburbanizing the surrounding areas of Vilnius where Polish ethnic groups are in majority, with different culture, social and economic styles of life. This process may increase the problems among both communities 49 . The necessity of daily long distances increases the household expenditure, especially because many of the inhabitants use a private car in their daily travels 50 . The intensive use of private cars leads to intense traffic congestions and increases the household costs, due to travel duration 51 . In addition, it contributes to the inefficiency of public transport, making ineffective any measure carried out to reduce traffic circulation.
Urban expansion increases the demands of water and sewage infrastructures that normally are supported by the municipalities. In the first period, these new urbanizations grow without any previous basic services, and waste water is discharged in septic tanks, with coercive implications to soil, groundwater and surface water pollution 52 . Later, after water and sewage systems construction, these expenses are charged in the inhabitants of the new areas. This significantly increases the costs of living in these areas and the costs of public services .This represents an increase of 22.77 % that can be attributed not only to the better provision of sanitation measures, but also to the sprawl of new urbanizations.
Brownfield are abandoned terrains or sub-utilized sites that are suspected to be polluted. They are located in the centre of urban areas and are well connected. The use of these areas is the key aspect to reduce the urban sprawl and their impact in the environment, social and economic dimensions 55 . Despite the potential contamination of these areas, it is important to create some initiatives to recover it and reuse it as residential, commercial or green areas 56 . Brownfields re-use is a land use strategy that favours the long-term sustainable development as opposed to the urban expansion, fast economic growth and resource depletion. These measures promote job creation and issues related to health and safety 57 . In Lithuania, the total contaminated area is higher than 5 million m 2 that is attributed to former Soviet installations. In Vilnius city, there are several brownfield areas 58 that could be reused in new residential areas and reduce the present urban sprawl.
The respondents were less concerned with the impact of sprawl in social and economic segregation. The expansion of new urbanizations is a cause of social isolation and reduction of interaction 59 . The reason that the interviewed gave less importance to this question may be related to the existence of new technologies that facilitate the communication among people and neighbours. The older respondents were more concerned with the social and economic division, segregation of residential areas and costs with water and sewage. Government, NGO, private sector and municipality workers were also more worried with the urban sprawl impacts in segregation of residential areas. These results suggested that older respondents value more the personal contact among people and may not be users of new technologies, while younger respondents were not so concerned, because nowadays the contact is facilitated with internet usage. The younger respondents were more worried with the household expenditure and travelling long distances than the older respondents were. This can be attributed to the higher expenses that this group has and the long time spent in traffic jams. The unemployed group were not so concerned with socioenvironmental aspects in relation to the other groups, perhaps due their current status and the fact that they have different priorities. Overall, the respondents were more worried about the lack of use of brownfields than about the effects of urban expansion, such as social and economic division. This shows that they want to live in more centric areas of the city and move to areas far away from the city, very likely due the price of the apartments.
Local stakeholders responses to urban sprawl
The interviewed rated high the necessity of creating new policies to reduce impacts of urban sprawl and a more sustainable development. People seek for more regulations to limit urban sprawl. Nevertheless, the solution might not be in the "creation", but in the "respect" and "practice" of the current laws and a more efficient transposition of European Union directives. The implementation of European Union directives also varies in different countries 60 , and very often there are troubles in European Union directive transposition 61 that normally are delayed due to the lack of resources, competence, administrative ineffectiveness, lack of experience, political and administrative priority 62 . Sub-national interests may also delay the transposition and implementation of directives 63 . Often, the transposition and implementation of environment, health and social directives are particularly delayed in relation to the others 64 . In the case of environmental issues, transposition is faster when it is important for the government or when green parties are in the government 65 . The older respondents were more concerned with the development of sustainable policies to reduce urban sprawl and creation of policies to brownfield areas and renovation of public spaces than the younger respondents were. This shows that the older respondents want the creation of new policies that increase the revitalization of urban areas and make a better use of central urban areas. On average, the respondents ranked high the questions related to the local stakeholders actions (all >4) than the ones connected with the environment and socio-economic aspects. This confirms the idea that the interviewed seek the solution to urban sprawl reduction in more legislation rather than in social action.
Relation among variables
The index correlation is high between Env-Index and SE-Index, suggesting that the respondents that rated high environmental questions gave also importance to social and economic aspects. The correlation was weak between Env-Index and STKIndex, and SE-Index and STK-Index, showing that despite the general agreement in environmental and socio-economic aspects, they differ in the political measures to reduce the urban sprawl. The first group identified by the cluster analyses joined the local stakeholders measures, which demand for more legislation. The older respondents from the government and municipalities rated these questions high, which shows that they defend a better legislation to control sprawl. The second group joined the older respondents concerned with the urban sprawl impacts on social and land use aspects that were mainly from government and NGO. This group wants the existence of a compact city, where the brownfields have a better use and the reduction of socio-economic impacts of urban sprawl. The third group joined the older respondents from the government and NGO that were concerned with the impacts of urban sprawl in rural and protected areas (resources depletion and pollution). The fourth group joined the young respondents from NGO and government that valued more the impact of urban expansion in consumption aspects, environmental and agriculture losses and impacts on urban environment. Overall, the older respondents were more concerned with the lack of legislation and impacts of the incorrect land use and implications of urban sprawl in socio-economic aspects in rural areas, while the younger respondents were focused on consumerism aspects and impacts in the urban environment. These results suggest that there is a change in the perception of urban sprawl impacts, very likely due to the fact that younger people are more connected with urban environments, whereas the older generation is more related to the rural areas.
Conclusions
Urban sprawl has important negative environmental, social and economic impacts in Vilnius city. These problems were perceived by the respondents, despite the differences in their age, but especially in their profession. Young people from NGO and municipality recognized better the problem, and older people from government and municipality claimed for more regulation.
The respondents valued more the aspects related to consumption, pollution and nature protection rather than land degradation and resource depletion, one of the major impacts of urban expansion in the ecosystems. Also, other important aspects were the impacts on human health. Younger people were more concerned with air pollution, whereas government workers were worried with traffic problems and implications of urban sprawl in protected areas. The economic impacts of urban sprawl were considered very important by the respondents, and less importance was given to social and economic segregation. Nevertheless, this aspect was relevant to the older respondents and all professional occupations with exception of the unemployed. This group had less socio-economic concerns of the urban sprawl impacts than the others. In general, the necessity of more regulation were rated higher than the environmental, social and economic aspects of sprawl, especially by the older interviewed people and the workers in municipality and government.
The respondents that were concerned about the urban expansion in the environmental aspects were also concerned in socio-economic questions. The groups identified with the cluster analysis showed that older respondents were more concerned in creating more legislation to restrict urban sprawl and with impacts on rural areas, while young people were concerned about the impact in urban environments. 
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